The EUSO-Balloon (CNES) campaign was conducted during the summer of 2014, when the EUSO-Balloon was launched at the night of August 24. A completely isolated Infrared Camera was mounted on the side of the gondola carrying the EUSO-Balloon instrument. We have obtained the optical depth of the cloudy part of the atmosphere by mean of the cloud coverage and the cloud top altitude given by the IR camera. During part of the balloon flight a helicopter carrying UV flashers was flown below the balloon. We have retrieved cloud coverage and Cloud Top Height from the IR camera images during time that the flashers were operated under the balloon. The optical depth in UV during times when the atmosphere was not clear will be inferred by comparing the luminosity of the flashers with the signal recorded by EUSO-Balloon, both in clear and in partially cloudy conditions.
The EUSO-Balloon (CNES) campaign was conducted during the summer of 2014, when the EUSO-Balloon was launched at the night of August 24. A completely isolated Infrared Camera was mounted on the side of the gondola carrying the EUSO-Balloon instrument. We have obtained the optical depth of the cloudy part of the atmosphere by mean of the cloud coverage and the cloud top altitude given by the IR camera. During part of the balloon flight a helicopter carrying UV flashers was flown below the balloon. We have retrieved cloud coverage and Cloud Top Height from the IR camera images during time that the flashers were operated under the balloon. The optical depth in UV during times when the atmosphere was not clear will be inferred by comparing the luminosity of the flashers with the signal recorded by EUSO-Balloon, both in clear and in partially cloudy conditions. The 34th International Cosmic Ray Conference, 30 July-6 August, 2015 The Hague, The Netherlands
Introduction
The EUSO-Balloon is a balloon-borne experiment performed in collaboration with the French Space Agency (CNES). It is a pathfinder mission for the EUSO (Extreme Universe Space Observatory) Mission. EUSO-Balloon consists of a telescope of smaller dimensions than the main EUSO Mission, designed for the ISS, mounted in an unpressurized gondola of a stratospheric CNES balloon. Its main objective is to perform a full scale end-to-end test of all the key technologies and instrumentation of JEM-EUSO detectors and to prove the whole detection process. Also, a very important objective for the EUSO-Balloon is to measure the atmospheric and terrestrial UV background components in different observational modes. This is fundamental for the development of realistic simulations.
Due to its Fresnel Optics and a Photo-Detector Module (PDM), the EUSO-Balloon monitors a 12 • × 12 • wide field of view in a wavelength range between 290 and 430 nm, at a rate of 400000 frames/sec. Its PDM, similar to the one designed for the main mission, has 2304 pixels .The pixel size corresponds to 145m × 145m on the ground for a float level of 40 km. This balloon has been built thanks to the joint work between various institutes of the JEM-EUSO collaboration. The first EUSO-Balloon flight was successfully launched from the Timmins Stratospheric Balloon Launch Facility in Ontario, Canada, in the night of August 24, 2014, and the flight duration at a constant altitude lasted for 4 hours. In order to monitor the atmospheric properties during the flight, as well as the cloud coverage, the EUSO-Balloon also carried a co-aligned IR camera, which covered a wider field of view than the PDM at flight. Also, a helicopter with a laser and flashers was flying in circles along the flight track for more than two hours.
EUSO-Balloon IR camera
The IR Camera of the EUSO-Balloon is a stand-alone payload within the balloon, which provides images centered at 10.8 µm and 12 µm (medium infrared), thanks to a ULIS UL 04171 µbolometer and two filters centered in these two wavelengths with 0.85 µm of bandwidth. The imaging system is similar to the JEM-EUSO IR Camera in its BreadBoard Model (BBM) that has been accomplished by the Spanish EUSO consortium [1] . The system has a field of view of 45 • , almost 4 times higher than the area studied by the UV telescope installed in the balloon. During its first flight, the EUSO-Balloon IR Camera took one picture every 80 s. All the data taken by the IR camera was stored in two Solid State Disks (SSD), and analyzed on ground, after the balloon was recovered after the flight.
We only consider for our study the images taken during the proper flight (from around 03:30 to 8:20 UTC), where the flight conditions were stable. Therefore, ∼220 images need to be analyzed. Once the analysis of the images is completed, the Cloud Top Height (CTH) is retrieved using a Weather Research and Forecasting model. Vertical profiles of temperature and humidity are obtained for different locations and at different times covering the full track of the EUSO-Balloon. Thus, an algorithm is built to retrieve the CTH in each pixel of the IR-Camera. We have developed two different methods to obtain the optical depth of the cloudy part of the atmosphere: using only the IR-camera, where we can obtain the optical depth in the infrared, and using the IR camera and the signal from the Xenon flasher shot by the helicopter and detected by the PDM. 
Optical Depth with the IR camera
The radiance measured by the infrared camera located at the EUSO-Balloon corresponds to various contributions:
• the radiance which is emitted by the Earth (I s ) and survives until the detector after suffering a certain attenuation produced by the atmosphere located between the ground and the cloud ( e −τ sn ), an attenuation inside the cloud ( e −τ n ) and an attenuation produced by the atmosphere located between the cloud and the telescope ( e −τ n j ).
• the radiance emitted by the cloud layer (I n ) and arriving to the telescope after suffering absorption due to the atmosphere between the cloud and the detector ( e −τ n j ).
This total radiance can be expressed as:
which is also equivalent to the radiance emitted by a black body located at the altitude of the cloud layer (I bb ), after suffering an attenuation due to the atmosphere located between the cloud and the detector ( e −τ n j ), that can be written as:
We have obtained the CTH for each image taken by the IR camera. Figures 1 and 2 represent the altitude of the clouds observed by each pixel of the IR camera at 03:44:52 and at 05:15:51 UTC. 
We have performed this study for each image taken by the IR camera during the EUSOBalloon flight to get the cloud coverage and optical depth in the Infrared of the atmosphere for each case. Figure 3 and Figure 4 are the obtained results for the images taken at 03:44:52 and at 05:15:51 UTC. The black square represents the field of view of the PDM. It can be seen that the field of view of the camera is much higher than the FoV of the UV PDM. Moreover, we observe that there is a row of pixels ([i] [120]) that did not work perfectly and the obtained image is not coherent with the ones from the surroundings. Also we can observe in the obtained image the transition between the two filters of the camera ([320][j]). For the rest of the pixels this method works properly and smoothly.
OD with the IR camera and the EUSO-Balloon
Below the EUSO-Balloon, at an altitude of around 3 km from ground, a helicopter from the NASA Space Agency was flying during two hours (between 3:45 and 5:54 UTC). The helicopter was shooting Xenon flashers, LED flashers and a laser. This operation consisted of 12 LED flashes, each 2.5 µs long, occurring one right after the other. Each flash increased in brightness so there were 12 brightness levels. Following the LED flashes, the laser was fired. Then, 10 µs after the laser fired, the Xe flasher fired. The light output of the Xe flasher followed a temporal pattern extending over several GTUs (1GTU is the time frame of the PDM data acquisition, and corresponds For the laser shots, the signal in each pixel is a combination of the intrinsic luminosity of the flasher, the attenuation due to distance and scattering loss in the atmosphere (Rayleigh scattering mainly for the clear atmosphere part, and MIE scattering mainly for clouds), losses in the optics of the experiment and the point spread function of the focal spot. The point spread function of the lenses needs to be determined in order to understand how the total amount of light that makes it through the lenses gets divided among the pixels in the focal spot. While the optical power in the beam is known, the amount of light that reaches the balloon depends on scattering. One must calculate the scattering at each point along the laser track to account both for the light emitted isotropically from each point and for the light lost from the laser beam between the helicopter and the point of interest along the beam. In principle, this cannot be done because the aerosolcloud content of the air is not known. In Figure 5 we observe the signal of one of the laser shots detected by the EUSO-Balloon. On the other hand, we can use the data from the flashers. Their intrinsic light output is known exactly, so the light reaching the helicopter is attenuated only by the aerosol-cloud layer scattering loss along the path from the flasher to the balloon, which is estimated by the IR camera. Therefore, the intrinsic luminosity can be presented as the photoelectron signal corresponding to the number of photons striking the entrance aperture of EUSO Balloon, excluding the losses in the atmosphere.
We have used the dark sky background to measure the relative sensitivity of the pixels. With this, we can correct the pixels to a common sensitivity reference point. Then we compare flashes at different times and in different places in the field of view, and we assume that the attenuation produced in the flasher signal is due to the aerosol-cloud layer. And with these assumptions we calculate the optical depth in UV of this layer.
To get an estimation of the optical depth in UV, we have used the signal of the Xenon flasher detected by the PDM. We know the intrinsec brigthness of each shot of the Xe flasher. Assuming a isothermal atmospheric model without clouds, its density ρ(h i ) at a certain altitude h i can be expressed as:
Being ρ 0 the density at a given altitude h 0 , and h i the altitude of the photon measured perpendicular to the Earth's surface. Then, we can calculate which is the attenuation due to the propagation through an atmosphere without clouds, and how many photons should arrive to the detector in a clear atmosphere. Considering the number of photons which actually arrive to the detector, the difference with the photons that would arrive in clear sky would be related with the optical depth of the cloudy zone. To calculate this optical depth, we locate the pixels of the PDM where the signal arrives, and we localize these pixels in the IR image, so we identify whether these pixels of the PDM have detected the signal in cloudy conditions, and if so, the altitude of the cloud for each pixel. Finally, we consider the sum of the counts over the spot and over the duration of the flash, corrected from background. Table 1 represents preliminary results of the optical depth obtained by this method for four different instants (4:32:02, 05:21:52, 05:23:58 and 05:27:53 UTC). This optical depth is less accurate than the one obtained only by the IR camera, because the delay between the IR camera images and the flasher signal detected by the PDM is in some cases of several seconds.
